Concerns regarding metal-on-metal (MoM) bearing couples in total hip arthroplasty are well documented in the literature with cobalt (Co) and chromium (Cr) toxicity causing a range of both local and systemic adverse reactions. We describe the case of a patient undergoing cardiac transplantation as a direct result of Co and Cr toxicity following a MoM hip replacement. Poor implant positioning led to catastrophic wear generating abundant wear particles leading to Co and Cr toxicity, metallosis, bony destruction, elevated metal ion levels, and adverse biological responses. Systemic symptoms continued for 3 years following cardiac transplantation with resolution only after revision hip arthroplasty. There was no realization in the initial cardiac assessment and subsequent transplant workup that the hip replacement was the likely cause of the cardiac failure, and the hip replacement was not recognized as the cause until years after the heart transplant. This case highlights the need for clinicians to be aware of systemic MoM complications as well as the importance of positioning when using these prostheses.
Introduction
There are well-documented reports of cobalt (Co) toxicity and its effects on the body [1, 2] . Local accumulation can lead to local inflammatory responses, metallosis, and tissue lesions [3] [4] [5] [6] [7] . Systemic damage may include the respiratory system, the endocrine system, the nervous system and the cardiovascular system (directly affecting myocardium) [2, [7] [8] [9] [10] . There has been a large case body relating to cardiomyopathy in people linked to consumption of chromium-laced beer back in the mid-twentieth century some of which were fatal [11] [12] [13] [14] . It has similar constitutional symptoms to many other metal toxicities [15] .
Chromium (Cr) toxicity is primarily related to levels of the oxidative states IV and V. These are the primary forms released in prosthesis wear [16] . Cr toxicity is associated with a wide range of pathology particularly in relating to being proinflammatory and immunosuppressive. It affects B-and T-cell lymphocyte levels, DNA repair, iron and heme utilization, and renal function [17] .
Metal-on-metal (MoM) implants are known to be sensitive to implant malposition potentially causing local and systemic reactions [2, 18, 19] . One study demonstrated that hips revised due to pseudo tumors had higher wear rates and another study, a direct correlation with MoM resurfacing and pseudo tumors [3, 4] .
Case history
A 58-year-old woman from a rural center underwent a primary MoM resurfacing total hip replacement for osteoarthritis in 2003. Her immediate postoperative recovery was uneventful and she had satisfactory functional scores and was discharged. The acetabular component positioning was suboptimal ( Fig. 1 ) and resulted in eccentric wear (Figs. 2 and 3), local metallosis (Fig. 4) , and systemic Co and Cr toxicity.
Ten years later, the patient presented with heart failure symptoms due to nonischemic dilated cardiomyopathy with severe biventricular dysfunction (New York Heart Association functional score of III). The etiology remained obscure with suspicion of amyloid fibrotic process on magnetic resonance imaging and a presumed idiopathic fibrosing cardiomyopathy with myocyte disarray No author associated with this paper has disclosed any potential or pertinent conflicts which may be perceived to have impending conflict with this work. In October 2015, she was referred by her cardiology team for orthopaedic opinion in regard to expedient surgical intervention to minimize and reverse presumed Co and Cr toxicity affecting her new heart. The decision was made for removal of acetabular and femoral Co and Cr components. This occurred in November 2015 with revision to DePuy Synthes modular system with ceramic head. Intraoperative findings were poor position of implant placement with tissue staining, metallosis, granuloma, and osteolysis with bearing failure. Her postoperative period was complicated by admission to intensive care unit for inotropic support and severe granulocyte colony-stimulating factor induced neutropenia.
Review at 6 months postrevision arthroplasty has been promising with echocardiogram in June 2016 demonstrating normal left ventricular size, wall thickness, and hyperdynamic systolic function and pulmonary pressures returning to normal. She is progressing well regarding her total hip replacement. Although she does describe some pain around the buttock area, this was more severe in nature a couple of months ago and has since improved. Her serum Co and Cr levels have returned to normal.
Discussion
This case demonstrates the cardiovascular side effects of Co and Cr toxicity. The patient developed progressive cardiac failure in the period preceding her primary MoM arthroplasty and with documented elevated serum Co and Cr levels. There are previous case reports of cardiac disease in the context of arthroplasty wear; however, a thorough understanding of the pathophysiology is lacking [20] . Co infiltration and accumulation in cardiac myocytes is thought to cause dilated cardiomyopathy. It can be difficult to identify, as the histologic progression is often undifferentiated fibrosis.
The patient's cardiac pathophysiology appeared to return post-transplant and was concurrent with a persistent Co and Cr serum elevation and that her function improved following the revision of her arthroplasty and reduction of her serum Co levels. We posit this is suggestive of reversible cardiovascular changes in relation to toxic metal levels and that it is possible, with a comprehensive initial assessment and with an awareness of implant-related toxicity, that the patient could have avoided cardiac transplant by having the required hip replacement revision given awareness and detection of early symptoms.
Summary
This case highlights the need for doctors to be aware of arthroplasty wear and metal toxicity particularly when there is a disease process of unclear etiology and in the importance of surgeon skill and positioning of articulating implants. Patients with MoM replacements should be carefully assessed for potential benefit from revision when presenting with pathophysiology attributable to metal ions.
